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Tab.1 Chemical composition of the cement

- w/%
L SiO, ALO, Fe,0, CaO MgO K.O Na,O SO, js8an
Akt 35.36 13.05 3.01 2.25 42.52 2.51 0.57 0.10 0.28 99.65
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Fig.1 Schematic of the electric—current—assisted rapid

clinkering apparatus
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Fig.2 Variation in the current passing through

the sample with temperature
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electric field strengths
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the two clinkering techniques
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Tab.2 Main parameters used in the simulation
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Fig. 6 Simulated actual temperature of the sample during

electric—current—assisted rapid clinkering
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Fig.8 Model of clinker mineral evolution during electric—current—assisted rapid clinkering
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Fig. 9 The XRD patterns of clinker produced at

different holding times
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Fig. 10 XRD patterns of clinker produced at different
initial electric field strengths
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Fig. 11 XRD patterns of clinker produced at

different current densities
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Fig.12 Microstructures of the produced clinker
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Tab.3 EDS analysis of the produced clinker
in the SEM images

w/%

Na,O K, O FeO; CaO ALO; SiO, MgO
am, 0422 0.200 1.068 67.689 1.927 22.844 1.133
b 0413 0.257  1.067 67.96  1.560 22.746 1.064
¢ 0.611 0.102 12.96 52.897 23.268 3.989 1.601
dsi 0418 0.233  1.068 67.882 1.715 22.836 1.179
e 0426 0.239  1.065 67.743 1.823 22.771 1.095
{4 0415 0.243  1.071 67.586 1.956 22.779 1.097

g)f%i 0.617 0.1155 13.049 52.991 23.283 3.965 1.594
2.5.2 BARIHGTHERTE ¥ BSE B{§E

e (o KR, 45 B 13a fifn . [’ 13a b, s
o o R IR X 4 B X B BSE & H Y
C,AF .C,S Al CsA, R A Image-Pro Plus B4 % £
DX S AR R A T I, 1T 3R AR 45 Rk ) 1 o £ 3
B g5 R 13b Uias . H B 13b AT, CLAF .
C,S F CA 1Y 1 73 8003 0l R 9.48% . 73.18% Fil
6.30% , F IR I BT W A B A —F0



200 FIL TR ARFER (FhEL)

60 pm

a BSEKICEf)
100

80 73.18%

60

[X 38, 47 /Y%

40}

20+

0
9.48% 6.30%

CAF CS CA

3 3 3

LR/
b &Y B
E13 BEEHEMPETIRRESH
Fig.13 Mass fractions of the minerals in

the produced clinker
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Tab.4 Changes in loss on ignition and f-CaO mass

fraction of the sample during the sintering process
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Fig. 14 Compressive strength of the clinker paste at

different current densities
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Electric—Current—Assisted Rapid Clinkering of High—C;S
Cement Clinker and Its Mechanism

LI Penghui, ZHAO Hongyu, JING Minghai, SHEN Qian, HUANG Jiannan

(School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China)

MA Yuanxiang,

Abstract: To address the high energy consumption and substantial carbon emissions associated with the conventional high-
temperature and prolonged clinkering process for cement clinker, the feasibility of producing high-C,;S cement clinker using
electric-current-assisted rapid clinkering was investigated. Based on a high-C;S cement clinker formula with a silica modulus of
2.46, an alumina modulus of 1.28, and a lime saturation factor of 1.00, the effects of electric-current-assisted rapid clinkering on
the mineral composition, microstructure, chemical properties, and mechanical properties of the clinker were systematically
studied. The results showed that high-C,S cement clinker with excellent performance can be successfully produced at an initial
electric field strength of 66 V/mm), a current density limit of 0.01 A/mm?, a clinkering temperature of 1,135 °C, and a holding
time of 1 min. The mass fraction of C,S exceeded 70%, while the loss on ignition (1.LOI) and the free calcium oxide (f-CaO)
mass fraction of the clinker were 0.34% and 0.12%, respectively. The 28-day compressive strength of the clinker paste reached
74.4 MPa. Through the Joule heating effect, this technology significantly reduces the clinkering temperature and shortens the
clinkering time, thereby effectively decreasing energy consumption and CO, emissions and meeting the requirements for the
green and low-carbon development of the cement industry.

Keywords: electric-current-assisted rapid clinkering; tricalcium silicate; cement clinker; Joule heating; CO, emissions
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